Abstract: Improper disposal of waste cooking oil into sewer systems is harmful to the environment. Through the selective collection, this highly polluting residue can be handled in a less harmful way. The present study presents an action plan for a public school in the Region of Médio Paraíba Fluminense of the state of Rio de Janeiro, Brazil to serve as a voluntary delivery point in a reverse logistics chain for waste cooking oil. A case study method with semi-structured interviews was carried out with agents who are part of the chain, including the government, commercial residue generators, collectors, the biodiesel production industry, the community, and teachers and students of the public school. Even though the reverse supply chain for waste cooking oil in the region lacks structure, this study showed that the actors were interested in correctly disposing of waste cooking oil through partnerships and agreements. In addition to the environmental benefits, environmental education actions in public schools, such as the one in this study, can help raise student awareness of issues relative to citizenship and social responsibility and promote employment and income opportunities for recyclable material collector cooperatives and industries that use waste cooking oil as raw material.
Introduction
The circular economy concept is a new business model focused on the management of discarded products and materials that hold promise for reducing their volume, contributing to the economy and the environment. This approach is increasingly seen as a solution to a number of challenges, such as waste generation, food waste, resource scarcity, and the sustainability of economic benefits [1] .
Stahel [2] suggested that a circular economy would minimize waste by reducing the amount of waste; reusing what can be reused; recycling what cannot be reused; recovering materials or energy from what cannot be reduced, reused, or recycled. This process is becoming increasingly important as the amount of waste is growing even faster than the rate of urbanization [3] . Rathi [4] argued that rapid population growth and industrialization degrade the urban environment and place a heavy burden on natural resources, which undermines sustainable and equitable development. Inefficient
1.
Ensures income in lower-income areas, representing a permanent source of employment, and remuneration for the unskilled labor force.
2.
Injects resources into local economies by creating jobs, collecting taxes, and developing the market. 3.
Favors the development of environmental awareness and promotes responsible environmental behavior of companies and citizens. 4 .
Encourages the recycling of other materials. 5 .
Reduces the volume of waste generated and helps to solve the problem of the treatment of waste from consumption.
Returning WCO as a raw material involves several inter-related phases: packaging, collection, storage, and transportation to manufacturing locations [9] . Oil must be placed in 500 mL to 2 L containers in households, and in 20 L to 50 L containers in commercial establishments [9] .
Households are small-quantity generators, while restaurants, hotels, snack bars, and other commercial establishments are large-quantity generators [29] . For both small and large generators, storage is necessary to reach the minimum economically feasible amount for the collection process [30] .
The collection is carried out at large generators or voluntary delivery points, which receive WCO primarily from small-quantity generators [11] . The cost of having delivery points that are few and far apart is usually very high, sometimes making the return of WCO to the production cycle economically unfeasible [31] . Furthermore, route planning is essential to minimize the cost of transportation during collection [32] .
Storage depends on the strategy of the collecting company. Some companies send the WCO directly to the recycling industry, while others store the oil until the right amounts are reached. In this case, it may undergo filtering to remove impurities from the foods to which the oil was exposed [9] .
Using reverse logistics is sustainable when the total costs of packaging and transportation to manufacturing locations is lower than the value of the returned material, resulting in competitive advantages for recycling companies [9] .
When used as material in new production chains, WCO can generate several products including soap and other biomaterials: printing ink, candles, crayons and playdough [33] [34] [35] [36] . It can also be used to make biodiesel [37] , with a WCO-to-biodiesel conversion rate of 98% via transesterification [38] .
WCO-based biodiesel presents advantages in relation to other fuels. In comparison with conventional diesel, it does not emit sulfur compounds during combustion and is quickly biodegradable in soil and water. With regard to biodiesel made from other oils, it is profitable in terms of energic balance [39, 40] .
Environmental Education in Schools
In this context, environmental education has represented an essential awareness-raising strategy among citizens where there are no selective collection programs. Furthermore, the school environment is a formal pathway for environmental education [41] .
The national policy for environmental education, through Law n. 9795/1999, Art 1, defines environmental education as the process of constructing social values, knowledge, skills, attitudes, and competencies in citizens to preserve the environment, quality of life, and sustainability [42] . As institutions that aim to shape the values and attitudes of citizens, schools can address the environmental dimension and understand its complexity and inserted cross-sectionally [41, 43, 44] .
The policy further calls for the development and presentation of environmental education within the scope of the curricula of private and public schools. It should permeate all school relationships and activities and be developed across school subjects to reflect current issues and to encourage people to think about what type of world they want to live in. Finally, this type of education enables them to effectively carry out sustainable actions [42, 45] .
Among the sustainable practices that environmental education can address are an environmentally correct collection and destinations for WCO [14, 46] . Whether destined for soap [28, 33, 47] or biodiesel production [11, 48, 49] , WCO collection has been identified as an environmental education tool.
According to Segatto [50] , environmental education has become essential in raising citizen awareness of ways to dispose of WCO and schools are promoters of this knowledge. The participation of schools in WCO collection is an instrument for fostering environmental education and sustainable actions.
Environmental education activities in and out of schools can include neighborhood campaigns, lectures on the subject, gymnastics, outdoor activities, work in student groups in schools, insertion of guidelines for sustainable practices in classes, and training of teachers on the subject [51, 52] . According to Jacobi [41] , the focus of these activities is seeking a holistic perspective on the relationships between people and the development of citizenship, nature, and the universe, considering that natural resources are being exhausted and that the main responsibility for their degradation lies with humans.
Materials and Methods
This was a qualitative, applied, and descriptive study that aimed to describe the WCO reverse supply chain in the chosen region and propose an action plan that includes public schools as a voluntary delivery point. This research used the case study strategy, considering the unit of analysis of the participation of the public school as a VDP and the subunit, the reverse supply chain for WCO in the RMPF.
The case study method permits the investigation of a contemporary phenomenon in a real environment when it is not possible to clearly differentiate the phenomenon and the context; it demands the use of different sources of evidence [53] .
The Region of Médio Paraíba Fluminense in the state of Rio de Janeiro, Brazil, has 871,775 inhabitants divided into 12 municipalities: Barra do Piraí, Barra Mansa, Itatiaia, Pinheiral, Piraí, Porto Real, Quatis, Resende, Rio Claro, Rio das Flores, Valença, and Volta Redonda [54] (Figure 1 ). 
The Region of Médio Paraíba Fluminense in the state of Rio de Janeiro, Brazil, has 871,775 inhabitants divided into 12 municipalities: Barra do Piraí, Barra Mansa, Itatiaia, Pinheiral, Piraí, Porto Real, Quatis, Resende, Rio Claro, Rio das Flores, Valença, and Volta Redonda [54] (Figure 1) . The public school in question was the Washington Luiz Municipal School (CMWL-Colégio Municipal Washington Luiz), located in the municipality of Barra Mansa [55] . In March 2017, the authors conducted a document analysis by consulting the school's political-pedagogical project for 2015/2016. Internal records such as student enrollment forms and parent-teacher association (PTA) meeting protocols were also consulted to obtain information about the profile of the target audience.
The description of the reverse supply chain and development of the proposal for the school to act as a VDP in the RMPF involved the collection of primary data through on-site visits, completion of questionnaires, and interviews with the social actors involved with the issue in order to portray the current situation and propose structural and operational improvements in the operation of the system. First, data were collected by administering a questionnaire (Appendix A) to 60 parents and guardians during PTA meetings, with the goal of assessing the community's perceptions of the topic. Under the researcher's guidance, another questionnaire (Appendix B) was administered to 50 students in the first and second stages of elementary education, between 10 and 16 years old, chosen by convenience in the classrooms. Additional data were gathered through semi-structured interviews (Appendix C) that were conducted with 8 school managers, teachers, janitorial staff, and students (Table 1) . The public school in question was the Washington Luiz Municipal School (CMWL-Colégio Municipal Washington Luiz), located in the municipality of Barra Mansa [55] . In March 2017, the authors conducted a document analysis by consulting the school's political-pedagogical project for 2015/2016. Internal records such as student enrollment forms and parent-teacher association (PTA) meeting protocols were also consulted to obtain information about the profile of the target audience.
The description of the reverse supply chain and development of the proposal for the school to act as a VDP in the RMPF involved the collection of primary data through on-site visits, completion of questionnaires, and interviews with the social actors involved with the issue in order to portray the current situation and propose structural and operational improvements in the operation of the system. First, data were collected by administering a questionnaire (Appendix A) to 60 parents and guardians during PTA meetings, with the goal of assessing the community's perceptions of the topic. Under the researcher's guidance, another questionnaire (Appendix B) was administered to 50 students in the first and second stages of elementary education, between 10 and 16 years old, chosen by convenience in the classrooms. Additional data were gathered through semi-structured interviews (Appendix C) that were conducted with 8 school managers, teachers, janitorial staff, and students (Table 1) . Another set of semi-structured interviews (Appendixs E and F) was carried out to obtain primary data from the 17 actors who are part of the WCO reverse supply chain in the RMPF. The public sector was represented by representatives from the municipal secretary for the environment and sustainable development and the public water and sewer treatment company. In the private sector, interviews and on-site visits were conducted with commercial generators, recycling cooperatives, associations, and companies and a representative of the local biodiesel industry. Table 2 presents the profile of all those interviewed and their corresponding organizations. Thus, this study carried out a total of 25 interviews with agents and applied a total of 110 questionnaires. At the same time, in order to achieve a better grasp of the reverse logistics of WCO in the RMPF, the authors conducted a document analysis of materials from official organizations and websites.
Finally, data analysis was conducted by triangulating the data obtained from the literature, document analysis, questionnaires, and interviews [56] .
Analysis of Results

The Reverse Supply Chain for WCO in the RMPF
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Analysis of Results
The Reverse Supply Chain for WCO in the RMPF
Based on the document analysis and interviews, the authors were able to describe the generation, intermediary (collection and transportation), and destination phases of the WCO reverse supply chain in the RMPF, as shown in Figure 2 . 
Generation Phase
Residential generators can dispose of WCO directly in the sewer system, reutilize it in artisanal soap production, or deliver it to VDPs. Waste cooking oil delivered to VDPs is usually stored in plastic PET (Polyethylene Terephthalate) bottles. According to one of the representatives of a WCO collector (A15), households and commercial establishments should separate WCO from food material particles by filtering it before packaging, but this is not usually done.
For generators in commercial establishments and industry, WCO is collected at bars, restaurants, bakeries, snack bars, and institutions (schools, churches, local government) in barrels that are later collected by cooperatives. However, the president of the Association of Hotels, Restaurants, Bars, and Others (A9) pointed out that there is no policy or inspection regarding the correct disposal of WCO generated in the region by commercial generators. Even though the association provides guidance in their meetings about the treatment and final disposal of waste, the association itself is unaware of the correct disposal of WCO.
For example, participant A7, who delivers WCO to the collection company in exchange for cleaning supplies, said he had never bothered to learn about the WCO's final destination. The nutritionist (A6) also emphasized that the generators are not always informed of the destination for the WCO.
According to participant A8, the average amount of vegetable oil used per month varies greatly because people tend to eat more fried foods when the weather is cold. Even with the advent of recent innovations such as electric fryers, the most common technique is immersion frying in a pot or saucepan. This participant also reported that the volume of WCO waste was approximately twothirds of the oil used for frying because the other third is absorbed into the food. 
According to participant A8, the average amount of vegetable oil used per month varies greatly because people tend to eat more fried foods when the weather is cold. Even with the advent of recent innovations such as electric fryers, the most common technique is immersion frying in a pot or saucepan. This participant also reported that the volume of WCO waste was approximately two-thirds of the oil used for frying because the other third is absorbed into the food.
As mentioned by participant A6, the standards set by the Brazilian Health Regulatory Agency do not allow for the utilization of used oil. The reason is that if it has been used for a long period, the oil generates compounds responsible for unpleasant odors and tastes, including substances that can cause health hazards to consumers, such as gastrointestinal tract irritation and diarrhea.
The Rio de Janeiro State Plan showed that the average generation of urban solid waste in the RMPF was 0.81 kg/capita/day in 2014 [57] . There are no statistics about the amount of WCO generated in the RMPF. However, according to the experience of participants A6 and A9, the average consumption in the region is about 1.5 L/capita/month. Considering that two-thirds of this amount is disposed of and that there are 800,000 inhabitants in the region (excluding 10% of the population that does not consume fried foods), the total monthly average amount of WCO generated in the RMPF can be estimated at 800,000 L.
All of the participants in the generation phase expressed optimism regarding the growth and structuring of the WCO reverse supply chain and pointed to awareness-raising as one of the key points in this process. According to participants A2 and A3, awareness-raising actions in schools could help with WCO collection initiatives, since children and adolescents tend to influence their parents' attitudes and contribute to behavioral changes in the whole family.
Intermediary Phase
In the intermediary phase, represented by VDPs, companies, cooperatives and processing units, WCO is collected and transported directly from the generators or VDPs to recycling warehouses owned by companies or associations/cooperatives. Table 3 presents the profile of the organizations involved in WCO collection and the municipalities involved. The RMPF associations/cooperatives are supported by the Program for the Reutilization of Vegetable Oil (PROVE) of the State of Rio de Janeiro. According to participant A14, PROVE promotes partnerships between public agents, the third sector, companies, and representative groups. In addition to fostering the organization of collectors into cooperatives, it also provides vehicles for collection, supporting the reverse logistics of various types of waste.
Partnerships with commercial generators are trust-based. Participants A2 and A3 stated that WCO collection actions are still very informal and need to be formalized through agreements or contracts. The commercial generators registered by the cooperatives or private companies receive barrels to dispose of the WCO. When the barrels are full, the generators call the cooperatives and the full barrels are exchanged for empty ones. However, participant A7 pointed out that delays in the collection make the WCO start to release unpleasant odors in the establishments.
Participant A15 also emphasized the variability in the supply of commercial generators, which hinders collection logistics. According to him, the amount collected ranges from 100 L to 200 L per partner; in a month; this represents a 50% variation, ranging anywhere from 8000 to 12,000 L.
To encourage these partnerships, A15 suggested that commercial generators "receive cleaning materials in exchange. Chlorine is produced by cooperatives as an incentive for cooperation." In addition, enterprises/cooperatives provide green seals as a form of recognition. According to this participant, in the case of his cooperative, the seal is awarded by the Secretary of the Environment of the Volta Redonda municipality. In the case of another cooperative, according to participant A12, commercial generators are awarded a PROVE Seal for adequate WCO disposal that is valid for one year. In the case of companies, they provide their own green seals, as stated by participants A16 and A17.
However, the Secretary of the Environment and Sustainable Development of the Barra Mansa municipality does not support the exchange of WCO for cleaning products. According to A3, that is because the soap produced by the collector organizations generally does not meet technical specifications and can also harm human health and the environment.
It is also important to consider the financial incentives provided by some companies/cooperatives in exchange for WCO provided by residential and commercial generators. According to participant A1, in the near future, it will become difficult for cooperatives to obtain donations because WCO has become profitable waste. Companies and cooperatives pay between 0.80 and 1.00 Brazilian reais/L of WCO. The percentage of WCO lost and WCO sold after filtering is minimal. Sales are not just to biodiesel industries and their destination is uncertain. Nonetheless, WCO is sold for an average of 1.40 to 1.80 Brazilian reais/L. However, when soy harvests are good, and the price of vegetable oil is low, the value paid per L of WCO ranges between 1.20 and 1.30 Brazilian reais.
One of the challenges in the collection phase mentioned by the participants responsible for the collector companies and cooperatives was competition with self-employed informal collectors, who pay more per L to establish that the collection points are theirs. Another barrier to the residential collection is that even though people are aware of the possible damage caused by disposing of WCO down the sink, most do so because it is easier. Furthermore, the collector companies and cooperatives must also compete with homemade soap production.
The cooperatives and companies licensed to treat WCO generate monthly reports to government organizations that include information about the amount of WCO collected per registered commercial generator. These reports allow the local government to control the adequate disposal of this waste.
Storage and transportation require certain precautions to avoid WCO leaks; the barrels are placed on top of pallets covered with cardboard. Filtering of WCO can be performed at the collector cooperatives, or it can be sent to other processing units before being sent to biodiesel companies or the soap industry. In company or cooperative warehouses, the WCO is sieved to eliminate food particles and it decants for 24 h to separate the water from the oil. After this period, a sample is collected and tested; it should contain less than 1% of water before being approved for sale.
The intermediary links of the chain also foster awareness regarding WCO collection. Companies and cooperatives work with schools (municipal, state and private), providing students, staff, and teachers with information through lectures, posters, and pamphlets to encourage WCO collection and re-utilization in soap production and alternative sources of energy, such as biodiesel.
In some municipalities, schools already function as VDPs. According to participants A3 and A16, the "Cuidando do óleo" project, a partnership of the municipality of Barra Mansa with a cooperative, and the "Viva Óleo" project of a company in the city of Resende, held rallies at all public and private schools before they became VDPs. However, according to participants A12 and A16, these projects were canceled because of a lack of government support.
As stated by participant A17, working with households is a greater challenge. When residences are part of the collection route, they can be fit in according to market demand. He said, "It's no use saying that you're solving an environmental problem, generating 70% less polluting fuel if you're riding around in your car with no efficiency. We need to optimize and improve our relationship with generators."
One of the municipality representatives interviewed in this study (A1) emphasized the inefficiency of the residential collection strategy. According to this participant, "Housewives are not in the habit of requesting collection service by phone. They may even separate the WCO but they don't call us to collect it. So, it all gets thrown away together with the other residential trash." Participant A12 indicated that one solution to the problem of residential collection would be raising awareness through environmental education so that WCO generated in households gets delivered to VDPs.
Destination Phase
The most common destination of WCO is the sewer system, followed by artisanal soap production, and the soap and biodiesel industries.
According to participants A3 and A5, it is a common practice to reutilize WCO in artisanal soap production in the RMPF. Community members generate income by selling these products and churches offer soap-making courses for job and income generation. As voiced by participant A1, the greatest problem in the production of homemade soap is lack of environmental control and precautions in the manufacturing process. This participant said, "caustic soda, which is used as the reagent, can burn the person manufacturing the soap."
In Brazil, approximately 30 million L of WCO is used to produce biodiesel [58] . In the RMPF there are two biodiesel companies: CESBRA and OLFAR. However, up to the time of this study, OLFAR had not begun operations using WCO as a raw material in biodiesel production. Participant A13 indicated that the nominal production capacity of the CESBRA biodiesel plant, as authorized by the National Agency of Petroleum, Natural Gas and Biofuels, is 10,000 m 3 per bimester, for a total of 60,000 m 3 per year. Currently, the plant produces 4000 m 3 per bimester, 40% of the authorized capacity.
Biodiesel production uses degummed soybean and palm oils and several other raw materials, depending on the oilseed harvest. Regionally, WCO corresponds to 40% of the raw material used to produce biodiesel. According to participant A13, the low supply of WCO increased the value per L from 0.50 to 2.50 Brazilian reais in 2016. The amount paid for WCO is associated with the soybean harvest: "The price fluctuates according to the price of the main raw material but it is a competitive value. The last batch cost approximately 1.50 Brazilian reais/L." Participant A13 also noted that the biodiesel industry faces some competition from the soap industry but mainly competes with some rendering and tallow companies to obtain WCO. Soap companies such as Grande Rio, Mauá, and 3Brio are not significant competitors. The JBS industry, located in Lins, São Paulo, produces approximately 20,000 m 3 of biodiesel per bimester and for participant A13, it can be considered their biggest competitor for purchasing WCO.
There are 24 specifications for biodiesel to be sold at auctions. According to participant A13, the main quality indexes are solid impurities, acidity, and amount of water in the WCO. When it is treated, WCO is heated, breaking the emulsion. The oil sinks to the bottom of the container, from which oil, flour, and all other impurities are drained. For biodiesel production, the maximum acidity is 3%. If it does not meet this target, this residue is mixed with caustic soda, a catalyst, and used to produce soap instead of biodiesel. Regarding the water content, the maximum acceptable level for biodiesel production is 0.02%. As the WCO arrives with over 1% of water, it must undergo a 12 h drying process at 150 • C in a vacuum chamber.
Regarding the yield, participant A13 estimated that 1 kg of WCO produces 990 g of biodiesel. This means that 1% of the material is lost, which is better than the 4% loss with soybeans. The biodiesel industry plans to expand its biodiesel production with WCO, based on expected growth and increasing professionalization of the WCO market.
Institutional Environment: Public Agents in the RMPF
The public agents interviewed in the Barra Mansa municipality represented the Municipal Secretary for the Environment and Sustainable Development (SMMADS) and the Public Water and Sewer Treatment Service (SAAE).
Participant A2 stated that the SMMADS intends to resume their environmental education activities so that municipal schools can function as VDPs; however, he indicated that no such activities have been planned yet. Participant A1 emphasized the need to resume awareness-raising and environmental education programs: "The local government does not depend on its own resources for collection programs because the Rio de Janeiro State Secretariat of the Environment provides this support. The program lacks continuity and greater adherence by the population."
It is worth noting that there was a high turnover in the persons responsible for the municipal secretariats in the RMPF during the data collection period. The same was true for the management involved in the WCO collection programs.
According to participant A4, who is with the SAAE, accumulation of oil and grease in the pipe system can cause blockages and sewer backups, and can even break the pipes that are part of the wastewater collection system. Toxic chemicals are used to remove this material and unclog pipes, creating a vicious cycle, which can even lead to significant increases in the costs of water and sewer services. However, the SAAE has no statistics available regarding the costs involved and the reasons for sewer blockages.
Although public agents are mobilizing actors to participate in WCO selective collection programs in RMPF municipalities, the application of economic instruments such as fiscal and tax incentives and the creation of more specific laws could accelerate the process and increase the volume of WCO collected to produce biodiesel.
The Washington Luiz Public School as a Voluntary Delivery Point for WCO in the RMPF
Educating Agents
According to participants AE1 and AE2, environmental education programs are usually proposed through partnerships between municipal government organizations in Barra Mansa that involve the Secretary of Education, the Secretary of the Environment and the SAAE. Environmental education initiatives in the school curriculum always depend on the support of external agents, i.e., partners from private institutions.
All of the participants expressed their support for an environmental education project involving WCO and the participation of schools as VDPs. For them, a permanent WCO collection program at Washington Luiz Public School (CMWL), supported by the Secretary of the Environment and other public organizations, would be of great importance in promoting environmental education and student awareness of sustainable development.
The school management expressed interest in including a recycling project and other environmental initiatives in the political-pedagogical project. However, the teachers were more skeptical, based on the discontinuity that occurred with previous programs.
According to the director of studies of the CMWL (AE2), there have previously been projects in which WCO was collected and delivered to a collector company that was a partner of the Municipal Secretary of Education. At the end of the year, the participating schools were ranked, and the schools with the highest rankings won prizes.
However, all agreed that, in addition to such actions, it is necessary to make the insertion of environmental education in the school curriculum and political-pedagogical project official. According to those interviewed, addressing the topic in specific subjects or extracurricular activities is not enough to awaken student interest and ensure their actual participation in actions directed at social-environmental issues.
Students
The students' views regarding environmental education were associated with preservation of the environment. All the students had had some experience with environmental education. Chart 1 presents the motivational factors regarding student participation in WCO collection programs. Thirty-six percent of the students justified their lack of interest in WCO collection activities by saying that they had not received the prizes that had been promised to them. They also said that some teachers do not release them from class to participate in these types of activities. Secretary of Education. At the end of the year, the participating schools were ranked, and the schools with the highest rankings won prizes. However, all agreed that, in addition to such actions, it is necessary to make the insertion of environmental education in the school curriculum and political-pedagogical project official. According to those interviewed, addressing the topic in specific subjects or extracurricular activities is not enough to awaken student interest and ensure their actual participation in actions directed at social-environmental issues.
The students' views regarding environmental education were associated with preservation of the environment. All the students had had some experience with environmental education. Chart 1 presents the motivational factors regarding student participation in WCO collection programs. Thirty-six percent of the students justified their lack of interest in WCO collection activities by saying that they had not received the prizes that had been promised to them. They also said that some teachers do not release them from class to participate in these types of activities. Chart 2 presents the destinations of WCO in the students' households. The most common destinations were soap production and separation for selective door-to-door collection. 
The Community
The questionnaires given to community members revealed that 23% of the participants had not finished elementary school, 34% had completed elementary school, 40% had finished high school, Chart 2 presents the destinations of WCO in the students' households. The most common destinations were soap production and separation for selective door-to-door collection. Secretary of Education. At the end of the year, the participating schools were ranked, and the schools with the highest rankings won prizes. However, all agreed that, in addition to such actions, it is necessary to make the insertion of environmental education in the school curriculum and political-pedagogical project official. According to those interviewed, addressing the topic in specific subjects or extracurricular activities is not enough to awaken student interest and ensure their actual participation in actions directed at social-environmental issues.
Students
The Community
The questionnaires given to community members revealed that 23% of the participants had not finished elementary school, 34% had completed elementary school, 40% had finished high school, 
The questionnaires given to community members revealed that 23% of the participants had not finished elementary school, 34% had completed elementary school, 40% had finished high school, and another 3% had a university degree. On average, four people lived in the households of those interviewed. The monthly household income was between one and two monthly minimum wages in two-thirds of the families. Only three families received social welfare from the Bolsa Família program. Half of the participants were not aware of the meaning of environmental education. It is worth noting that in Brazil the designations of the social classes are based on the number of minimum wages (MW). In 2018, the MW was 952 Brazilian reais, and, five classes are defined: A (more than 20 MW); B (from 10 to 20 MW); C (from 4 to 10 MW); D (from 2 to 4 MW); and E (up to 2 MW).
The present study found that the mean consumption of vegetable oil was 1.4 L/month/per capita. This is below the national average of 1.6 L in 2015 [2] . All the participants reused the oil at least once before disposing of it. Regarding the destinations of the WCO, as seen in Chart 3, the main options were a donation, soap production, and pouring it down the drain. Those who poured the oil down the drain were aware of the potential for environmental damage. The present study found that the mean consumption of vegetable oil was 1.4 L/month/per capita. This is below the national average of 1.6 L in 2015 [2] . All the participants reused the oil at least once before disposing of it. Regarding the destinations of the WCO, as seen in Chart 3, the main options were a donation, soap production, and pouring it down the drain. Those who poured the oil down the drain were aware of the potential for environmental damage. Regarding donations, Chart 4 illustrates the competition between collection companies/cooperatives and the soap industry to obtain residential WCO. Regarding the utility of WCO, only one-third of those interviewed knew the purposes of WCO as a raw material. Only two participants mentioned soap production in schools and churches. None of the participants knew that WCO could be used in biodiesel production. Chart 5 shows that, among the main barriers mentioned by the community to delivering WCO to VDPs, those most cited were lack of time, distance, or being unaware of VDPs in the municipality. In general, schools represent strategic locations and can act as VDPs and facilitate access by the population. Regarding donations, Chart 4 illustrates the competition between collection companies/ cooperatives and the soap industry to obtain residential WCO. Regarding the utility of WCO, only one-third of those interviewed knew the purposes of WCO as a raw material. Only two participants mentioned soap production in schools and churches. None of the participants knew that WCO could be used in biodiesel production. The present study found that the mean consumption of vegetable oil was 1.4 L/month/per capita. This is below the national average of 1.6 L in 2015 [2] . All the participants reused the oil at least once before disposing of it. Regarding the destinations of the WCO, as seen in Chart 3, the main options were a donation, soap production, and pouring it down the drain. Those who poured the oil down the drain were aware of the potential for environmental damage. Regarding donations, Chart 4 illustrates the competition between collection companies/cooperatives and the soap industry to obtain residential WCO. Regarding the utility of WCO, only one-third of those interviewed knew the purposes of WCO as a raw material. Only two participants mentioned soap production in schools and churches. None of the participants knew that WCO could be used in biodiesel production. Chart 5 shows that, among the main barriers mentioned by the community to delivering WCO to VDPs, those most cited were lack of time, distance, or being unaware of VDPs in the municipality. In general, schools represent strategic locations and can act as VDPs and facilitate access by the population. Chart 5 shows that, among the main barriers mentioned by the community to delivering WCO to VDPs, those most cited were lack of time, distance, or being unaware of VDPs in the municipality. In general, schools represent strategic locations and can act as VDPs and facilitate access by the population. 
Action Plan for Inserting the CMWL in the WCO Reverse Supply Chain in the RMPF
Before creating an action plan for the WCO collection, it is important to involve all of the concerned actors in drafting and monitoring the school's political-pedagogical project. This is an opportunity for management, coordinators, teachers, and the community to define the profile of children's education, organizing actions to reach the proposed objectives. In this context, environmental education takes on a strategic role.
Furthermore, for the CMWL to operate as an agent of WCO reverse supply chain in the RMPF, the collaboration of other agents is essential, such as: public institutions (local governments, municipal secretariats, SAAE), commercial generators, recycling companies, associations and cooperatives, and the industries that produce biodiesel using this raw material.
Considering that a WCO reverse supply chain already exists in the RMPF, even with some bottlenecks and limitations, the action plan outlined in Table 4 describes only the internal aspects of the WCO collection operation in the school. The action plan was based on the 5W2H method, which consists of an action plan for preestablished activities that need to be as well-defined as possible. The 5W represents what (what will be done?); who (who will do it?); where (where will it be done?); when (when will it be done?); why (why will it be done?). The 2H is: how (how will it be done?); and how much (what will it cost?) [59] . 
Considering that a WCO reverse supply chain already exists in the RMPF, even with some bottlenecks and limitations, the action plan outlined in Table 4 describes only the internal aspects of the WCO collection operation in the school. The action plan was based on the 5W2H method, which consists of an action plan for preestablished activities that need to be as well-defined as possible.
The 5W represents what (what will be done?); who (who will do it?); where (where will it be done?); when (when will it be done?); why (why will it be done?). The 2H is: how (how will it be done?); and how much (what will it cost?) [59] . 
Discussion
The research question for the present study was: "How can a public school in the RMPF of the state of Rio de Janeiro, Brazil, act as a voluntary delivery point and support the development of a reverse supply chain for waste cooking oil?" In order to answer that question, we developed an action plan based on the integration of actors and efforts. The local government, through the secretaries of education and environment and the water and sewer treatment company, could provide some incentives for school management, teachers, students, the PTA, and the community to foster acceptance of the idea of WCO collection and recycling.
At the same time, as a VDP, the school needs to be integrated into the WCO reverse supply chain, connecting household generators with collectors. One important issue is the logistics of this integration. Environmental education is an important tool for teaching the community how to appropriately store WCO that is of good quality and also to convince them to take WCO to the school´s VDP.
Regarding the WCO reverse supply chain, the results show the importance of establishing contracts between commercial generators and collection cooperatives/companies, with price incentives for volume and quality, appropriate storage conditions, the frequency of generation, and avoiding exchange for cleaning products (soap) that don't meet environmental standards.
The collection cooperatives/companies should also use routing systems with enough vehicles that are managed by trained personnel, in order to minimize logistics costs. In addition, the biodiesel industry should adopt more proactive behavior, coordinating the chain and establishing a strong relationship with recycling cooperatives and companies, to ensure a continuous supply of WCO.
In addition, the local government should play a role in the WCO reverse supply chain, primarily: regulating the actors with incentives (tax) and controls; formalizing self-employed informal collectors by integrating them into existing cooperatives/associations; preventing soap production that does not follow environmental standards; maintaining the continuity of environmental education programs, along with WCO collection, in order to foster the development of more environmentally friendly citizens and reduce the cost of water and sewer treatment.
The results of the present study are in line with the literature review. Waste management related to WCO involves non-generation, reduction and recycling [23] . In order to accomplish this, the reverse supply chain needs to work well in terms of organization, cost efficiency and value generation [9] , integration of small-and large-quantity generators [29] , and adequate storage conditions [30] . Voluntary delivery points are strategic for collecting WCO from households (small-quantity generators) [11] , without neglecting the importance of route planning to keep logistics costs down [32] .
The idea of generating an action plan is also related to the National Solid Waste Policy, which demands a Municipal Plan of Integrated Solid Waste Management with shared responsibility among generators, collectors, recyclers and industry, and social inclusion of individual collectors in cooperatives and associations [13, 22, 24, 25] .
However, since there are no specific regulations for WCO reverse logistics [7] , environmental education in schools is an important strategy to compensate for that gap. It is important to insert this issue across school subjects and curricula [42, 45] Several other factors are also important: involvement of the community in school activities [51, 52] ; presenting information about the cost of collective selection programs and the convenience of VDPs [41] ; highlighting biodiesel as the main product generated from WCO [37, 38] . It is hoped that such programs will generate citizen awareness of ways to dispose of WCO appropriately [41, 50] .
Conclusions
The present study showed that the current structure of the WCO reverse supply chain in the RMPF is based on weak partnerships between generators and collector cooperatives and companies, and also showed lack of effective communication between the links in the chain. Other bottlenecks and requirements indicated by the participants were: lack of public awareness; a regional culture of WCO destinations being homemade soap production; the need to obtain a minimum volume for collection; competition among collectors; and quality specifications for WCO destined for biodiesel production.
In the present scenario, we evaluated the types of stakeholder participation and actions related to the selective collection, reverse logistics, and other actions regarding shared responsibility and environmental awareness. We concluded that the proper functioning of a WCO reverse supply chain depends on various factors. First, the population must be informed about the environmental damage caused by the improper disposal of this type of waste and about recycling possibilities. The reverse logistics of WCO also benefit from facilitated access to VDPs, incentives for formal contracts between cooperatives and commercial generators, optimization of collection routes, and specific incentive policies and legislation.
The development of reverse logistics is in the government's best interest. However, the actors that are part of the process are not given priority, and WCO collection programs and economic incentive programs (fiscal/tax) lack continuity. Furthermore, municipal selective collection programs established by the National Solid Waste Policy are mandatory, but local governments do not have information about or control of the destinations of all the WCO generated in their municipalities; they only control the volume processed by registered recycling cooperatives and companies.
The present analysis of the possibility of a municipal school operating as a VDP in a WCO reverse supply chain in the RMPF showed that VDP programs in schools cannot be one-offs, resulting in isolated actions such as rallies or events. These actions must be ongoing and part of the political-pedagogical program and school curriculum. Only in this way is it possible to implement the proposed action plan, as part of the environmental education program, in order to use the municipal school as a VDP.
It is important that students and the community actively participate in developing and implementing the WCO collection action plan. The study also pointed to a lack of public awareness regarding the damage caused by the improper disposal of WCO; lack of knowledge about the existence of VDPs; and criticism of discontinuity in collection and recycling initiatives.
One limitation of this study relates to the data collection phase. There was a paucity of literature about the actions of schools as VDPs and about WCO collection as a tool for environmental education. Similarly, there was a lack of a public database about WCO generation, collection and destinations. Additionally, the case study method doesn't permit generalization of results; further study is needed to support our conclusions.
Future studies should focus on the implementation of the action plan at the Washington Luiz Municipal School. It is hoped that the present investigation can guide other schools in developing similar action plans. Additionally, the authors suggest that this research is applied to other regions and that there be a more in-depth investigation about other actions that involve the participation of public schools in the management of other solid urban waste. 
